The synthesis of purine arabinosides via dehydrazination catalyzed by 10 mol% CuO in water was developed for the first time. A series of purine arabinosides could be obtained in good to excellent yields. Furthermore, the drugs vidarabine and nelarabine could be obtained successfully, and even at about 50 g scales, which showed the good future of industrial application. Moreover, the tap water also worked well as the green solvent for the reaction.
Introduction
Purine arabinoside is the analogue of naturally occurring riboside in RNA. The main difference between arabinoside and riboside is the absolute configuration of 2′ hydroxy group in the sugar cycle. Purine arabinosides are currently used as antiviral drugs with a broad spectrum of activities. For instance, vidarabine (2) is an antiviral drug which is active against herpes simplex and varicella zoster viruses. 1 Fludarabine (3) is the active pharmaceutical ingredient in the commercial drug Fludara, which is used to treat chronic lymphocytic leukemia (CLL). 2 Nelarabine (4) is the clinical drug approved by the US Food and Drug Administration (FDA) in 2005 for the treatment of T-cell acute lymphoblastic leukemia (T-ALL) and T-cell lymphoblastic lymphoma (T-LBL). 3 Thus great endeavor has been devoted to the synthesis of purine arabinosides. However, only a few synthetic routes are available for purine arabinosides so far. The process of these reported methods mainly relied on the coupling of purine bases with benzyl protected arabinose (route a, Scheme 2). [4] [5] The shortcoming was that the benzyl protected arabinose usually needed to be prepared by lengthy or difficult processes. Furthermore, the toxic catalysts in the coupling and deprotection steps presented a health risk to workers and could cause serious environmental pollution. Meanwhile, the coupling method always gave  and  mixtures which needed lengthy processes to separate. The dehydrazination of 8-hydrazino-9-β-D-arabinofuranosyladenine (4) was used to synthesize vidarabine starting from the cheap adenosine. 6 However, the excess amount of catalyst HgO limited the application of this method (route b, Scheme 2). This method has not ever been used in the synthesis of other arabinosides to date. Although other methods including multistep synthesis from purine xyloside, 7 oxazolidine arabinoside, 8 oxidation/reduction of 2′ hydroxy group or trans-glycosidation [9] [10] were reported, to date, no better alternative suitable for industrial application has been developed. Therefore, an efficient and green method with a broad substrate scope is highly desirable.
In the context of ongoing projects on the synthesis of purine nucleosides, [11] [12] [13] [14] [15] herein, we realized the efficient synthesis of a series of arabinosides via dehydrazination reaction at a catalytic amount of CuO (route c, Scheme 2). In addition, tap water was suitable for this reaction as an environmentally benign solvent.
Results and Discussion
Initially, we started our study by using 8-hydrazino-9-β-D-arabinofuranosyladenine (5) as a model substrate to optimize the reaction conditions (Table 1) . When 20 mol% Ag 2 O or MnO 2 were used as catalyst, only a trace amount of product 2 was observed (entries 1 and 2). Fe 3 O 4 and ZnO could afford 2 in 62% and 21% yield respectively (entries 3 and 4). Other metal oxides such as MgO or Al 2 O 3 was not effective for the dehydrazination reaction (entries 5 and 6). We were happy to observe that a 84% yield was obtained when CuO was used as a catalyst (entry 7). The temperature was beneficial to the yield as the yield was improved to 91% at 100 o C (entry 8). Remarkably, the catalytic efficiency was also satisfactory with a lower catalyst loading of 10 mol% (entry 9). When the catalyst loading was further lowered to 5 mol%, 2 could still be obtained in a slightly decreased yield (entry 10). The reaction time could be shortened to 6 h and the yield was maintained (entry 11). Other copper salts including CuSO 4 , CuCl 2 and Cu 2 O were also tested, but decreased yields were observed (entries [12] [13] [14] . More importantly, when the solvent changed to tap water, the cheaper and more environmentally benign solvent, the yield also was maintained which showed the good future of industrial application (entry 15). Besides, the blank experiment without metal salt showed that the catalyst was essential for the reaction to happen (entry 16). Meanwhile, N 2 atmosphere led to trace amount of dehydrazination product and the color of catalyst was not changed. The same reaction conditions under air or oxygen could give the product in 90% yield and N 2 released from the reaction mixture (entry 17). Therefore, it should also be noted that the gas atmosphere was crucial for the dehydrazination reaction to happen. The optimal reaction condition is 10 mol% CuO in water under air at 100 o C for 6 h. With optimal reaction conditions in hand, we next evaluated the scope of substrates. A series of 8-hydrazinopurine derivatives with arabinosyl group at N9 were subjected to the dehydrazination reaction conditions (Scheme 3). The key intermediate 8-hydrazino-9-β-Darabinofuranosyladenine was obtained via bromination, tosylation, cyclization and hydrazination 6 . These steps were investigated in detail and could be carried out in scalable production. As shown in Scheme 3, the corresponding arabinosides were obtained in good to excellent yields. The purine rings bearing different functional groups at C2 or C6 such as hydrogen, fluoro, amino, carbonyl and methoxy groups all furnished the target arabinosides in good yields. In general, the electron-donating groups such as amino group and methoxy group gave higher yields compared to the substrates with electron-withdrawing groups. When H atom was substituted with an amino group in the purine cycles, the yields of purine arabinosides were enhanced (6 vs . 2, 2 vs. 8, 3 vs. 7) . When H atom at C2 in the purine cycle was substituted with fluro group, a slightly reduced yield could be observed (2 vs. 3) . The methoxy group gave a little better result compared to amino group (8 vs. 4). These results indicated that the catalytic system could tolerate different functional groups successfully. Among the products, the drugs vidarabine, fludarabine and nelarabine were synthesized efficiently in good to excellent yields (2-4). The 2,6-diaminopurine arabinoside was synthesized chemically for the first time (8) . © ARKAT-USA, Inc To further demonstrate the reproducibility and the stability of the reaction, we presented the synthesis of drugs vidarabine and nelarabine on lager scales (50 g). In order to obtain good yields, the air was bubbled to the reaction mixture and the reaction time was lengthened to 10 h. Tens of grams of vidarabine and nelarabine were obtained in 88% and 91% yields after routine work-up process in laboratory (Scheme 4). More importantly, the product could be purified through crystallization from water avoiding of chromatography. 
Conclusions
We realized the synthesis of a series of arabinosides via dehydrazination catalyzed by 10 mol% CuO in tap water for the first time. A series of arabinoside drugs such as vidarabine, fludarabine and nelarabine also proceeded well in good yields. More importantly, the drug vidarabine and nelarabine could be obtained successfully at about 40 g scales, which showed the good future of industrial application. This environmentally friendly method represents a promising green synthesis of arabinosides. Further studies into the mechanism are currently underway.
Experimental Section
General. Melting points were recorded with a micro melting point apparatus and uncorrected. NMR spectra were recorded with a 400 MHz spectrometer for High resolution mass spectra were taken with a 3000 mass spectrometer, using Waters Q-TofMS/MS system. For column chromatography silica gel (200-300 mesh) was used as the stationary phase. All reactions were monitored by thin layer chromatography (TLC). All reagents and solvents were purchased from commercial sources and purified commonly before used. (2R,3S,4S,5R)-2-(2-Fluoro-9H-purin-9-yl)-5-(hydroxymethyl)tetrahydrofuran-3,4-diol (7) 
